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AIR SURVEY FOR DEVELOPMENT 


I. Introduction. — 'J’lio object of (his jmmjjlilet is to outline the u.?e and limitations of 
air photography and air .survey in relation to development projects. 

Xearly every project requines .survey before any useful planning can be done. 

For some project.s the existing toiiograjdiicnl innj» sheets of the Survey of India on the 
scale of 1-inch or J-inch to 1 mile arc enough to start vitli but in most cases fresh surv'oj’s on 
larger scales become ncce,ssnry sooner or later. 

The Survey of India is fast expanding to meet po.«t-u'nr needs in India but economy in 
.survey pron’sses will be nece.ssary for some time to come. 

For many j)urposes air survey efl'eets great economy whilst affording adequate results^ 
which may 1k‘ available very quickly. 

In other cases ground survey or a combination of air and ground survey may be 
preferable. 

The Survey of India is glad to advise on the most etTcctive and economical type of 
survey for any particular jmrpo.sc. on request. 

These note.s indicate tlie information which should be given in making demands and 
illustrate some methods of the application of air (diotography and air .survey to practical 
planning. 


2. Organization. — In addition to the maintenance of ordinary topographical maps 
of India the .Survey of India has parties or, at need forms special partie.s, with the approval of 
the Govcniment of India, to undertake special surveys for development. 

Many project.s are already in hand but new demands are con.stantly being dealt with 
and photographic facilities which can be turned to the purjto.se of air surveys are available. 

All enquiries concerning air photography and air .survey should be made to the Ilegi oit al 


he .i! r9il" 't»)- (h g Deputy .'surveyor tleneral. Old .Secretariat. Delhi. 

The empiiry should state the sco[ie of the project, the particular aspect or aspects of 
project plamiiug for which the survey i.s lequircd and scale.s which it i.s suggested may bo 
siiit.ablc. The target fiate for completion shoidd nbo be stated if the matter is urgent. 

3. Air Photographs. — The im'^F of air survey is air i)hotogrnphs and usually these are 
taken with the aerial camera pointing vertically downward.^. For a few highly specialized 
u.se.s, photograph® are taken with the camera pointing away from the vertical hut, in general, 
the.se are only of a'ahie for the pietorial elfeet and for publicity jmrposes and are not further 


considered here. 

Vertical air pliotograplis somewhat le.senilile an ordinary line-map if the ground jrhoto- 
graphed is flat. The scale de[ieuds on the height aliovc ground from which the photograph 
was taken and the focal length of the lens used. 

I’lintograjilis rliffer from a line-mai) in the following respects : — 

( i ) One photograiili only covers a limited area. 

( ii ) Unless the area i.s liijt the scale varies. 

( iii ) .Small but inqKirtaul featuix-s may !)e invisible unle.s.s thescale is very large. 
{ iv ) Trees obscure fenture.s beneath them. 

( v ) .Shadows may obscure sletnil although they may help to identify tall tliiii 
objects .such ns jvlons. ehinmeys and telegraph poles. 

( vi ) Buildings ob.vcun- detail at their foot when they are away from the centre 
of the photograph. 

(vii) Liiic-innps can readily lx- annotated with planning notes: photographs 


an' less suitable for this. 


Xevertlieless, for some purposes, siin(ile [diotograplis suflice for preliminary planning 
find take ven,' iniieli le.ss time to prcxluce than line-maps : they are useftd for crop ini’csti- 
gfitions, forestra-, geological siin'eys, nrchmologicnl .surTCys, soil con.servniion, or to illusirale 
when* works are nece.ssary. 



4. Enlargements and rectifications. — Photographs of flat ground taken with special 

care, can witli tlie aid of a niiniiniim of ground nicasiirenienls, be rectified to fomi photo-maps 
of sufficient accuracy for precise moasui'cnients for making revenue records and for town 
planning or factory laj'-out. ' ■ 

Tlic cost of photograpliy increase.s very much as the scale increases. Enlargement of 
small scale negatives to larger scale prints, however, affords a means of get ting ii laiger scale 
and hence clearer pictures at a cost considerably less than that of direct jjhotograpliy at the 
larger .scale. Up to 21 times enlargement gcnerall3' gives satisfacioiy results bej’ond that, 
clarity diminishes. ' , ’ 

Enlargement is tiici-efore often rcsorted to and is particularly useful when small sdalc 
photographs will do for general planning purposes over a wide ni-ea within which larger scale 
prints of selected areas are needed for more detailed study and can be produccd'by enlargement 
from the small scale negatives. - ' . . ■ 

5. Air-photo mosaics. — Air photographs of flat gi'oiind can he fitted together and 
stuck down to form a mounted mosaic for use as a photo-majr of larger areas than can be 
covered bj’ a single photograph. These may be specially useful for factory laj'-out or river- 
training. 

Satisfactory mo.saics of hillj' or mouirtainous countrj' cannot bo made becartse the land 
at different elevations in the same photograph rmries in scale. This gives rise to a compli- 
cated distortion of the gtouitd surface appearing irr the photograph and iir attempting to 
mosaic some land is duirlicated and some is lost. Such photographs can orrlj' be converted 
to useful maps b.y surve,v plotting. 

A.s a partial exception to this, nrosaics of proposed hill -reservoirs can be prepared when 
the total depth of the reservoir is small compamd with the height of the photograirhio aircraft.. 
In such cases, the area of importance ( the reservoir area ) phbtojgi'aphs nearlj’ flat 'and permits 
mosnioing and contours can be added which permit of capacity calculations to within a small 
percentage of error but the ai-ca outside the reservoir zone is subject to larger errors and cannot 
be used for calculations. 

6. Stereoscopy. — A stereoscopic view, that is to say a view in relief, is obtainable 
from two photographs of the same object taken from different angles. This principle is 
applied in air photography for survey and offers two advantages : — 

( i ) It enables the nature of objects to. bo accurately determined ; • 

( ii ) It enables the shape of hills to be seen and, accordingly', contouring to be 
done when height control e.xists on the ground. 

Air photography for map mnMng is therefore taken so that every bit of country to be 
mapped is covered b.v at least two adjacent photograjihs. This is done by taking photographs 
in straight strips so regulated that each ])hotograph on .a .stri]) overlaps the next bj' more than 
half. 

Eor planning for development, “stereoscopic pairs” of photographs can' be supplied 
for e.'caminntion b\' the planners and, generally .speaking, a little practice makes them easily 
readable to any one of nonnal good vision ( see page 16 ). 

7. Line-maps from air photographs. — A line-map from air photographs is not differ- 

ent in cs.sentials from a line-map prepared by groupd survey- methods but in some circums- 
tance.s it has advantages. . ■ ■ 

Photographs can be rapidly’ taken at suitable seasons and the accessory work required 
on the ground is limited to plan and height-control nnd entry of information not seen in the 
photograph. Once these are done any. portion of the work can be taken up in the office at 
will. . . • 

Moreover in certain types of terrain, line-maps from air photographs of accuracy 
equivalent to or even better than maps from ground survey can bo made more quickly. 

There are two stages in line-mapping from air photographs after the photographs have 
been taken and ncce.ssory ground work done and certain preliminary office work has been 
completed. ■. . , , . , 

The first is the mapping of detail or planimetry and the second is the mapping of the 
relief or orography. 
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This is oft I'll convpnipiit for the indcnlor who mny be able to make considerable use 
of flic planinictrv alone and this is peiicmHy ready considerably in advance of the contours 
which are used to show relief. 

8. Illustrations. — The following pages illustrate a few selected examples of flic uses 
to which air jihotogniphy and air .-iiirvey can be put. 

Xo indication of cost is given since, apart from variations in cost of material and labour, 
every ta.>;k lin.« special conditions wbieli cause actual cost to vary between wide limits. 

Ksliinatos will be provided by=l l«gi»«iuTl ' T) « ii. for any (ask on application but final 
charces are bused on actual co.=fs. 

9. Special Note.— Keprodiictions of air photographs in this pamphlet are litho- 
gmphie “linlf-toiics " in which clarity is considerahly less than the clarity of photographic 
bromide prints which are iiormnlly supplied to indentors for planning purpo.scs. 

hithograiiliie lialf-toncs niv only made when large ntiinbcrs of prints arc required for 
publicity or information of those who an' not n-quirod to plan constructively. 

Tlie phofogr.aplis were taken by the Indian Air Survey and Transport Co. Ltd., Dum 
Diini. The.se and the maps an' rt'prodiiced with acknowledgements to the ro.spectivo 
indentors. 
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IRRIGATION & HYDRO-ELECTRIC PROJECTS 
( Reservoir Investigations ) 

For irrigation projects it may bu necessary to form n rapid preliminary appreciation 
to determine whctlier a project, is vortli pursuing nt all. In such investigations the probable 
capacity of potential reservoim is clearly important. 

This information can be obtained most rapidlj' and cheaply in the majority of cases 
from contoured mosaic.s from wliich capacity can be calculated to an accuracy of about 5%. 

Once' tiu' rlecision ns to location of the reservoir has been taken, a line-map -will pro- 
bably become nect'.ssnry for nior\' jirecise calculations as well ns for detailed planning and 
examination of what will In' submerged. The illustrations opposite show a contoured mosaic 
of Erinpum Keser^’oir in Jodhpur State on a scale of about fi-inches to 1 mile with contours 
nt 10 ft. vertical interval and, overlying this, the line-map subsequently prepared from the 
photography u.=ed for the mosaic. 

Scale and contour interval should be .selected according to the terrain. As a rule a 
scale of -t-inches to 1 mile will do, the contour interval depending on the stcepnc.ss of slope. 
In veiy heavily ■wooded country, supplenientarj" ground work may bo considerable and in 
some cases ground survey alone may be preferable but is generallj' too expensive to embark 
on for provisional .select ion of reservoirs. 






IRRIGATION AND HYDRO-ELECTRIC PROJECTS ( DAMS ) 


JIaps for Dam sites are iisimlly needed on a scale of at least 10-inchcs to 1 mile. 

Jfaps on this scale can be made from Ifl-inch enlargements of air photograph}- on about 
scale C-inclics to 1 mile. Contour inten-al.s arc usually at 5 or 10 ft. vertical interval accord- 
ing to the terrain. 

^faps on 32-inch scale can he made from 12-ineh photography enlarged. Such a largo 
scale is usually only necessary in the high hills where the contour interval may be greater. 

Tlie illirstration opposite shows part of the map prepared on scale 32-inchc.s to 1 milo 
^vith 20 ft. contours for detailed investigation of the KOSI Dam, ( Nepal ). 

Tor engineering purposes, still larger scale map-; are needed htil air survey is not suit- 
nblo for the.so. 
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IRRIGATION PROJECTS ( Commanded areas ) 

SunTV for irrigation projects, inchidiiiE oanalisntion, recliinintion of spoilt land and 
flood control Imvc nssiinied partiouliir importance in recent times. 

Such surveys Imx'e liitherto been carried out entirely by ground survey. 

SurvovT! for numerous major project.-; of tins nature are now in band and arc, in most 
cases, being done by a combination of air and ground survey. 

Xo illustrations an- yet nvaiinbte but an illu.stration will shortly be issued to insert 
opi^osite. The accepted seah' for such .surveys is u.snally 4-inche.s to one mile. Cktntour 
intcr\'al varies betueen I foot and fi feet depending on the nature of terrain. 












I^RELIMINARY TOWN-PLANNING 


For dcvcloptiU’nl of iirlian awns n iiccossnry proliininnry is often a map on medium 
scale of -l-inclirs or fi-inchcs (o 1 mile. ’I'lie illn.sf ration opposite .siiows a portion of New 
Delhi on the scale of O-inehc.s to 1 mile witli contours at r> ft. vertical interval. 

The jdaniinctry (detail) was prt'imred by air survej* linsed on ground-control, con- 
tours being added by ground .survey on working prints of planimetry. 

A.s a rule the -l-ineh .scale i.s likely to be adequate for this purjio.se and the contour 
interval would vary (lej>endinp on tlie tvjie of terrain. 

















TOWN PLANNING 


For inon> dctniled plnnninf; thnn can l)e done on n inedinni scale map ns in tlio ]>revions 
illustration, maps on scale lO-inclics to 1 2 nile arc likely to Ik* lequircd. As a rule the ex- 
penditure on production of linc-innps at- this scale, prior to planning, is probably unjustified 
since the survey would Imve to be coniplctoly revised after develojnncnt. 

For this purpose, then* fore, the inajunny well bo a pliolo-niap. The illustration opjtosito 
shows part of Delhi on the scale of Ui-inebes to I mile. 

Ijorge ino.saics aiv usually mounted on mn.sonite boards which can be cut into con- 
venient size.s for handling, the various sectiou.s being butt-jointing. In the unlikely event, of a 
large numlM'rof such mosaics being it'fpiin'il copies eonld be printed by the lithographic half- 
tone proc<*.s,s in any number rt'quired but mon* usually a few copies are only likely to be necessary 
and the.se can he prepared on phofographie bromide pni>er. 

^losaic.s such as tite above are only recommended in flat areas and oven then accurate 
men,suremenfs‘fn)ni them cannot be e.vf>ecled. Where accurate measuremenf.s are ncccssnry 
rectified enlargements of individual prints on Ifi-inch scale are nrcessniy similar to those 
innstraled opirosite page 11. 
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TOWN SURVEYS 

Although ns slated on the iirevioiis page, expenditure on large scale line-maps for 
planning is usually unjustifiable in areas liable to iiiueli cliange, extra large scale surveys which 
may suboquenfly bo useful ns basis for ivconi of [>i'o(ierfy rights may well be desirable and 
nia.v justify expenditure at planning stage. 

The map opjmsite sbow.s jiarl of the Town Survey of a jiarlially develoj)ed area of 
l.,ahon' on the scale of lot* ft. to 1 inch ( .'>2 •S-inche.s to 1 mile ). This was done entirely by 
ground .survey. 

Similnrsurvey is now in liand of iiiuleveloped areas of Xew Delhi but. in lliis, a method 
combining air and ground survey i.s being tisetl for detail wliilst contours are being done entirely 
by groniifl survey. 

Surveys on sejiles yet larger than this may be needed in congested developed areas hut 
air survey is not n'commeiided for.suclt larger .seale.s. 
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CROP INVESTIGATION 

In flat oonntry nivjis (’an be tabiMi onl from niin-ctificd iirinls of pliotograjihs, which 
Imvp been lahcn witti (lartiiiilar c;m\ by tnicing on a tnlo overlay. Tlio men.'; are (.'xtracted 
from the overlay witli an nen" comb and multiplied by the factor for tlic i)hotoKcaIe. Accuracy 
for small area.-; shoidd be to about . 0 % and for large area'-' to about 2%. 

A .suitable scale for photography is about 2-inche.s to I mile for enlargement to -t-inches 
to 1 mile for taking out mvas. The method is usually confined to compact areas. Tlie illus- 
tration oi)[)nsiie shows an nnrectfied ]irint on an appro.viinate scale of l-inchcs to 1 mile. 

Experiments an> in hand to determine whether the type.s of various .standing crop.s 
can be a.sccrtained solely by intcr[urt!itinn of air photographs. If this proves feasible it may 
he po-sible to use jihotograplis to forecast crop yield in lUthi and Kharif ixrf'na by “sampling”. 
That is to s.ay by taking photogniphs of sinall selected n'prc.scntalivc areas and applying the 
.statistics obtained to wider nivas in the same loe/dity. 
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REVENUE SURVEYS 

Till' illiisl ration opposili' is a rvotiliod i-nlnrgonu'nt on tlip scale of IG-inclics to 1 mile 
prei>ar«l from an air photograph on the scale of d-iiichcs to 1 mile. Such prints arc usually 
suppliwl on noii-<listorfiug paiH'r probahly based on foil or zinc for use in the field ns a 
wi/j''7ei. The field ivorh is subsequently traced and printed for use as a it'venue line-map. 

In Hat country, this tyi’e of survey is as neenrato ns ground .survey but needs n good 
deal of ground control ns basts for n'ctifieation. 
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MINERAL SURVEYS 

In conjunction willi tlic (Jcolofrical Survey Popiirttncnf , purveys arc carried out for 
exploitation of mineral flcpo^ilfi. 

The scale of l/io.OOn (about •J?.-iiu'hc.-- to I niilo ) is usutiUy suitable; contour interval 
depends on the nntun; of the terrain. 

The ilIustn\tiou opj>o>ite is a Une-nmji on 1/25.0(10 scale with contours at 50 ft. vertical 
intcival in the sulphur-iuine arx'o of ROH-l-SULTAK, <’ha^:oi District, Ealnehistan. 









SOIL CONSERVATION 

Till' for !in'orv':t;iti(iii jind/or “ Ijuiulint; ” to counlonict soil-orosion is too 

xvi'll n'copiiiscd to ttcod omiili.i'ii-.. Air phofoariipiiy form? n clica]) mid easy meniiH of providing 
data for planning iUiti-criHion ni'-asiirp.-. As a riilp pliotoginplis nlono will do and no speoini 
survey i? nocossary nlthnugli Ion- maps iiiay be necessary for syatcnmlic n-cortl ofpliiniiing 
mcasutt's and ajiccial levelling mi the ground may be necessary for “ bunding 

The envelope ojipo-ite contains a slereoseopie pair of enlargements on the scab' of 
4-inches to 1 mite ( from phntogr.iph.y on srale L’-inehes to I mile ) of part of the Lachiwala 
Forest near Dehra Dim. 

The print opixedte show,- eroiled land near .Suklio. Giijnr Klinn Tahsil, Punjab on the 
sc-ale of i-inches to 1 mile. Mosaics on nboul i‘-inch scale nr»' useful for a general con.«idoration 
of .anlin'rosion meosuri---- and 4-iiich enlargements ar»- reconunendefl for stereoscopic examina- 
tion of amas .selected for arfotv-t.'ition or “ Imndine 
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ROAD OR RAIL ALIGNMENT 

Gciu'rnlly siwakin;.', for rtiutl or mil tilitcnmciil. of (fio Ix-.st iivnilnhlc 

toi>oj:ra|tliiral inajt> will jxivo xiillirii nl iiiformiition for po lection of n few jirolmhly ])racticalik- 

nlicnmentp. 

When this luip Ih'cii (lone, .atr photos/raphj' on n ncih' of nhont ‘J-inche.^; to 1 mile of the 
nltcniative !ilif:mm'nts for jirvHlnctioti of prints for .sterco.scopic e.Narninntion, will probably 
Ik' cnongli to c.nnry selcclioti of nltiinnte alitrninent to the ro.ui/rai! enpineoring .‘airvej" .stupe 
which Ls c.nrrii'd out by tht' const met inp stall'. Enlnreeinents of selected imais are useful for 
detailed examination. 

In the envelo]>e oppi>..ite are enhirci'inents on the .’t-ineh .scale whieli can lie examined 
sterx'oscopie.ally, 

Thest' show a portion of the Didira Don I'linkmta neni. 

•l-ineh enlarpements nn- osnaily oa-oin mended. 

A note on the use of the stenaisi-ojie is at pape 10. 





KOSI GORGE 
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ANAGLYPHS 

For n-iMirts orotbcr pnrpD-ics wIhmi it isdcsimi to ]ivovi(lo ii view in relief on nn extensive 
•distrilnition to thnsv' wlin un- not likely to iw'-.-e-.s st«‘iTi)seo]ies, ANAGLYPHS are useful. 
Tiicst' e.ffonl n re.'i''On:ihly i^ixhI view willi the aid of elieiip colonird s|>e<'tiic1es which can 
accompany the niiiiplyph. 

The views opi>nsite an' ainiirlyphs and can lie viened in relic f with thi' .spectacles in the 
c’livelojn' at the font of this 

The tirst view is the same as the steivir-photo-pair opposite piiye M. 

The .second vi'-w is- part of ihi' KtlSl ttOUGK and is reprodneed with the ivrmi.s.sion of 
the Oiiainnan. t.’entnd W.atenvay.s. Irrigation and Navication (Viiinni'sion for whom it was 
oritrinnlly pn-pared. 

To view the anaclyph — 

I’laei- the .s]vectaeles elosc> to the eye.s, jrreen to the lisrht eye, red In the left eye. View 
with both eyes o|v.-n. vertically over the nnajtlyph, at nhont I K ineher distance. If the njijiear- 
anec of relief is not seen at once, slowly ineii'a-'c ainl d<’en‘a‘e the distance until lelief is slnirp. 
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STEREOSCOPIC EXAMINATION OF AIR PHOTOGRAPHS 

'riip pliotograjdis should ht; oxntnim'd on a (able belu'een the examiner and (he light 
wliich, for choice, .should be good north dnyliglit. 

2. Draw a line acro.ss (ho table, longer than (lie stcreoscupe and at a eouifortable 
di.stanee. 

:i. Place the photograjihs so that the white line on each print falls exactly over the 
line on the (able, photograph innrked LEI'T to the left, photograph marked liKiH'l' to (he 
right and both the .same way up a.s the lettering. ( The white line is mcady a line drawn from 
the jihoto-ccntre along the line of flight ). 

4. Place the stereoscope over the photographs. 

r>. Select .some easily identifiable feature which is eoiiimim to both photographs, 
such a.s n stream bend or junction. Place a finger below lliis fealuir on eaeli photo and, 
looking through tlie stcrcosco(>e, move the photos hitenilly. inwards or oiitnards still keeping 
■the white line on tlie pliolos over the line on the table until the .sejiaratc image.s of the two 
fingers an? seen to merge. 

C. Then look at the aiva around the selected point on the pliotograph and it will be 
found that the ground sliow.s up in ndief. At this stage, ivlief view may need to be perfected 
by very minor niovemenl of one photograjili. 

7. When the photographs are positioned, weight or pin them down and the stereo- 
scoiio may be moved as netessarj’ to examine dilferenl portions of tlie ovcrhi]). Throngliout 
the proee.s,s, the long. side of the .stereoscope .should be kept parallel with the line on tlie (aliie. 

5. Tlie illn.strafioiis in thi.s pamphlet aiv lithogniphie half-tone leprodiictioii.s and are 
therefore inferior in ipiality to Inomide prints wliieh would be siipiilied for )>lanniiig piirpo.scs. 

On the otlier hand the white lines are not eiiteivd on the photographs supplied for 
plniintng purposes hut tlieir posiijoii eaii be guessed suilicieiitly well to eiinble untrained 
persons to phiee the pliotograplis correctly for stereoscojiie view if (lie proeednie de.scrilied 
in jianigraph 5 above is followed. 

In order to ascertain wiiieli pliotograpii to place on the right and which on the left, 
when they are unmarked, simply overhi]) them so that similar detail corie.sponds. The jiriiit.s 
arc then in their correct relative position forrirawinir outwards. If then, onexninining tliroiigli 
the stereoscope, ndiefis seen iiivcrled. that is to .“iiy liills become Iiollows and hollows become 
bills, overlap (Iiem again, liold them togetlier and (urn tliem loijelhfr completely around 
and then separate as in jiaragrapli 5. Correct view of relief will then be obtained. 





